Recognition of human milk oligosaccharides by bacterial exotoxins.
The affinities of the most abundant oligosaccharides found in human milk for four bacterial exotoxins (from Vibrio cholerae and pathogenic Escherichia coli) were quantified for the first time. Association constants (Ka) for a library of 20 human milk oligosaccharides (HMOs) binding to Shiga toxin type 2 holotoxin (Stx2) and the B subunit homopentamers of cholera toxin, heat-labile toxin and Shiga toxin type 1 (CTB5, HLTB5 and Stx1B5) were measured at 25°C and pH 7 using the direct electrospray ionization mass spectrometry assay. Notably, all four bacterial toxins bind to a majority of the HMOs tested and five of the HMOs (2'-fucosyllactose, lacto-N-tetraose, lacto-N-fucopentaose I, lacto-N-fucopentaose II and lacto-N-fucopentaose III) are ligands for all four toxins. These five HMOs are also reported to bind to other bacterial toxins (e.g. toxin A and toxin B of Clostridium difficile). In all cases, the HMO affinities (apparent Ka) are relatively modest (≤15,000 M(-1)). However, at the high concentrations of HMOs typically ingested by infants, a significant fraction of these toxins, if present, is expected to be bound to HMOs. Binding measurements carried out with 2'-fucosyllactose or lacto-N-fucopentaose I, together with a high-affinity ligand based on the native carbohydrate receptor, revealed that all four toxins possess HMO-binding sites that are distinct from those of the native receptors, although evidence of competitive binding was found for lacto-N-fucopentaose I with Stx2 and 2'-fucosyllactose and lacto-N-fucopentaose I with HLTB5. Taken together, the results of this study suggest that, while HMOs are expected to bind extensively to these bacterial toxins, it is unlikely that HMO binding will effectively inhibit their interactions with their cellular receptors.